ABSTRACT-Using an isolated, blood-perfused canine atrial preparation, we investi gated the effects of omega-conotoxin GVIA (omega-CgTX), a blocker of N-type voltage-operated calcium channels, on the atrial contractile force and sinus rate. Omega-CgTX in a dose range of 0.3 3 nmol gradually attenuated the atrial contrac tile force in a dose-dependent manner, but did not affect the sinus rate, indicating that it can depress contractility but not pacemaker activity.
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On the basis of electrophysiological and pharmacological differences, voltage-operated calcium channels (VOCCs) have been subdi vided into L-, N and T-type VOCCs (1) . N type VOCCs exist only in neuronal prepara tions (1) (2) (3) . Omega-conotoxin GVIA (omega Conus geographus toxin, omega-CgTX), a 27 amino acid peptide purified from the fish hunting snail Conus geographus (4), blocks neuronal N and L-type VOCCs, but not non neuronal L-type VOCCs in patch-clamp elec trophysiological studies (2, 3) . The stimula tion-induced release of neuronal transmitters (noradrenaline, acetylcholine or non-adrener gic, non-cholinergic transmitters) is attenuated by omega-CgTX effectively in various tissues of the rat, rabbit and mouse (5) . However, the responses to exogenous administration of noradrenaline, acetylcholine and adenosine triphosphate are not affected by omega-CgTX in the same preparations (5). In 1988, Ichida et al. (6) reported that a synthetic omega CgTX itself caused a dose-dependent contrac tion of segments of the stomach fundus and uterus. They suggested that omega-CgTX might have a calcium agonist-like effect on smooth muscles. However, there is yet no in formation about the cardiac effects of omega CgTX. Therefore, we evaluated the effects of omega-CgTX on the atrial contractile force and sinus rate in the isolated, blood-perfused canine atrium.
Ten mongrel dogs, weighing from 10 to 24 kg, were anesthetized with sodium pentobar bital (30 mg/kg, i.v.), and then ventilated arti ficially with room air. Sodium heparin (500 USP units/kg, i.v.) was administered at the beginning of the perfusion of the isolated atri al preparation, and 200 USP units/kg were given each hour thereafter. Isolated right atri al preparations were obtained from another 10 mongrel dogs. Each dog, weighing from 8 to 13 kg, was anesthetized with sodium pento barbital (30 mg/kg, i.v.). After sodium hepa rin (200 USP units/kg, i.v.) was given, the right atria, wet weight of 11.3 ± 2.2 (mean ± S.D.) g, were excised and immersed in cold Ringer solution. The sinus node artery was cannulated via the right coronary artery and perfused with blood from the carotid artery of the support dog by the aid of a peristaltic pump (Harvard Apparatus model 1210). The ventricular margin of the atrium was anchored to a stainless steel bar and placed in a cup shaped glass container which was kept at a constant temperature of 37°C. The isometric tension was recorded on a thermo-writing oscillograph (Nihon Kohden) by a force displacement transducer (Nihon Kohden AP620G) connected to the superior part of the atrium with a silk thread. A pair of bipo lar silver electrodes was brought into contact with the epicardial surface of the isolated atrium to record the atrial electrogram, from which the atrial rate was derived by a car diotachometer (Nihon Kohden AT 600G). The details of this preparation have been de scribed previously (7) . Omega-conotoxin GVIA (omega-CgTX, Sigma Chemical Co., USA) was dissolved in 0.5% W/V bovine serum albumin in distilled water. Omega CgTX was injected into the sinus node artery at a volume of 0.01 to 0.03 ml over a period of 4 sec. Experiments were divided into two groups. In 5 atria, we injected omega-CgTX at doses of 0.3, 1 and 3 nmol into the sinus node artery of each preparation. In another 5 atria, the vehi cle was injected at the volume of 0.01, 0.3 and 0.01 ml, corresponding to the volumes in the omega-CgTX treatment group. Each dose of omega-CgTX or vehicle was given at 40-min intervals. The atrial contractile force and sinus rate were determined in four periods: before administration of omega-CgTX or vehicle and 30 min after each administration of 0.3, 1 and 3 nmol of omega-CgTX or after each adminis tration of vehicle. Values presented here are means ± S.E.M. Two-way analysis of variance with randomized block design was used to compare the cardiac effects of omega-CgTX with those of the vehicle. The experimental groups and four periods were considered to be fixed factors. P values less than 0.05 were con sidered statistically significant. Figure 1 shows the effects of omega-CgTX on the sinus rate and atrial contractile force. Omega-CgTX at doses of 0.3, 1 and 3 nmol did not affect the sinus rate, but it depressed the atrial contractile force in a dose-dependent manner (Fig. 1A) . The negative inotropic effect of omega-CgTX developed gradually. In the control group (vehicle, Fig. 1B) , the atrial contractile force decreased slightly. However, the sinus rate did not change within 120 min. Summarized data are shown in Fig. 2 . Omega CgTX attenuated the atrial contractile force dose-dependently and the inhibition of the atrial contractile force induced by omega-CgTX was significantly (P < 0.001) greater than that induced by the vehicle. The decreases in the atrial contractile force induced by omega CgTX at 3 nmol and that by vehicle were 65% and 23%, respectively. Although omega-CgTX raised the diastolic atrial tension in Fig. 1 , the increase in diastolic tension induced by omega-CgTX was not significant in 5 experi ments. Neither omega-CgTX nor vehicle changed the sinus rate significantly (Fig. 2) .
In the present study, we demonstrated that omega-CgTX, a neural N-type VOCCs block er, attenuated the atrial contractile force in a dose-dependent manner, but did not affect the sinus rate in the isolated, perfused dog atrium.
Patch-clamp studies (8) have demonstrated that omega-CgTX is a selective and potent in hibitor of L and N-type calcium channels in dorsal ganglion and sensory, sympathetic and hippocampal neurons of vertebrates but not in cardiac, skeletal or smooth muscle cells. De Luca et al. (5) reported that omega-CgTX in hibited positive chronotropic responses to field stimulation of adrenergic nerves in rat and mouse atria, but did not affect responses to noradrenaline and tyramine. They did not show the effects of omega-CgTX itself on atri al rate and atrial contractile force. N-type VOCCs exist only in neuronal tissue (1 3). However, the atrial preparation is isolated from the regulation of the central nervous sys tem. Thus, it is unlikely that the inhibition by omega-CgTX of the atrial contractile force is attributed to its neuronal N-type VOCCs in hibition in atrial muscle. That is, omega-CgTX may depress the atrial contractile force direct ly. analyzed by Bonferroni t-test: *P < 0.05, **P < 0.01. Basal levels of atrial contractile force and sinus rate for the control group and omega-CgTX group were 4.3 ± 0.7 (mean ± S.E.M.) g and 97 ± 4 beats/min (n = 5) and 3.0 ± 0.2 g and 100 ± 4 beats/min (n = 5), re spectively.
It was reported that omega-CgTX caused dose-dependent contraction in segments of the rat stomach fundus and uterus (6) . These con tractile responses to omega-CgTX depended upon the presence and/or the influx of ex tracellular calcium and these responses were inhibited by calcium antagonists, suggesting that omega-CgTX might have a calcium agonist-like effect on smooth muscles (6) . However, omega-CgTX caused only a nega tive inotropic response in the isolated, blood perfused dog atrium. An L-type calcium chan nel agonist, Bay k 8644, induces positive iso tropic and chronotropic cardiac effects in this preparation, and L-type calcium channel an tagonists induce negative cardiac effects (9) . Thus, the L-type calcium channel antagonistic action may not be a main mechanism for de creasing the atrial contractility without pace maker activity. Although omega-CgTX has no direct pressor action in anesthetized rats (10), we need further studies, including an assess ment of the vascular effects of omega-CgTX, to clarify the precise mechanism of the nega tive inotropic effect of this compound.
